
P R E S E N T E D BY

Lora ine Tor re s-Cast ro

Sandia National Laboratories is a multimission  

laboratory managed and operated by National  

Technology & Engineering Solutions of Sandia, LLC,a  

wholly owned subsidiary of Honeywell International  

Inc., for the U.S. Department of Energyõs National  

Nuclear Security Administration under contract DE-

NA0003525.

SAND2020-9539C

Mitigation of Failure Propagation  

Through ActiveCooling:

A Model-Based ExperimentalDesign



Project Overview: Motivation for PropagationTesting
2

0 5 10 15 20 25 30

0

50

100

150

200

250

300

T
e

m
p

e
ra

tu
re

,
C̄

Time, min

Cell1

Cell2

Cell3

Cell4

Cell5

Cell6

Cell7

Cell8

Cell9

Cell 10  

Voltage
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

V
o

lt
a

g
e

,V

a larger, more complexsystem?

0 5 10

Avg. T  

Voltage

15 20 25 30

Time, min

T
e

m
p

e
ra

tu
re

,
C̄

0 0.0

300 3.0

250 2.5

200 2.0

150 1.5

100 1.0

50 0.5

350 3.5 350

400 4.0 400

How do these behaviorsimpact
Single CellFailure

V
o

lt
a

g
e

,V

Objective
Reduce the risk of failure propagation with  
active cooling following a model-based  
experimental design
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Alignment with Core Mission of DOEOE

OE drives electric grid modernization and resiliency in the energy infrastructure. Validated safetyand

reliability are paramount to achieve that target. The identification of mitigation strategies to reduce

the risk of propagation move us further in thatdirection.
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Project Objectives

Objective #1 ςModeling

Investigate the effect of active cooling on heat transfer and  
provide a model-based experimental design

Objective #2 ςExperimental

Reduce the risk of cell-to-cell propagation in multi-cells packs  
and multi-module batterysystems
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Project Previous Work: Passive Mitigation of FailurePropagation
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No propagation FullpropagationPartialpropagation

Å The impact of heat-absorbing metal plates between cells on cascading propagation wasinvestigated.

Å The plates provided an additional thermal mass to dissipate heat release, hence reducing the risk ofpropagation.

Å Thickerplatescompletelymitigated propagation,while partial propagationwas achievedfor the packwith 1.6

mm plates.

Å Thinner plates did not prevent cascading propagation, but they significantly reduced the overall heat release rate  

and slow propagation across the stack.

L. Torres-Castro, A. Kurzawski, J. Hewson, J. Lamb, άPassive mitigation of cascading propagation in multi-cell lithium ion batteriesΣέ Journal of the Electrochemical Society, vol.167, 2020
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Measurements are reality but simulations allows us to better understand the behavior changes and  

explore boundaries between mitigation/cascadingfailure
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Objective #1ςDevelop a model-based experimental design of promisingpack configurations

Project Results: Predicting ThermalRunaway
by Randy Shurtz

Large-scale testing is costly and simulations allow exploration of the design space if well grounded in reality

Space Crossing + CellCrossing

Difference between heat out of last cell and heat out of plate
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Objective #1ςDevelop a model-based experimental design of promisingpack configurations

Project Results: Predicting ThermalRunaway
By Randy Shurtz

Effect of insulator thickness on the heat out of the battery pack

Water cooling increases decay rate of tails, indicating more heat  

transfer out of the stack
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Objective #1ςDevelop a model-based experimental design of promisingpack configurations

Project Results: Predicting ThermalRunaway
By Randy Shurtz

Effect of insulator thickness on the heat out of the battery pack

Water cooling increases decay rate of tails, indicating more heat  

transfer out of the stack
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Project Results: ExperimentalDesign
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Objective  #2 ςInvestigate the effect of  
active coolingin the heat transfer

Project Results: TemperatureProfile
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The maximum temperature of the failed cell  

remained in the same region independently of  

insulator thickness or level of cooling(air/water)


